Abstract -In the current study, effect of sewage sludge ash on the mechanical properties of particle filled composite material is investigated experimentally. The weight rate of sewage sludge ash which would be applied tensile test, three point bending test, and impact test is changing between 0 % and 45 % of overall mixture. Tests are made in mechanics laboratory and for tensile test and three point bending test, the speed of test machine is adjusted as 1 mm/min and 2 mm/min respectively. According to the result of three point bending test, maximum stress tends to decrease with increased rate of sewage sludge ash in the composite. According to the result of tensile test, maximum stress tends to increase with the sewage sludge ash particles content up to 20 % ratio of overall mixture and beyond that ratio it tends to decrease. According to result of impact test; impact resistance increase until weight rate of ash reaches 10 %. The impact resistance decrease between the weight rate of ash 10 % and 25 % and then impact resistance remains constant until rate of ash reach 40 %.
Introduction
Composite materials ; can not be solved in each of two or more materials are suitable properties in a single material or gather material obtained as a result of combining the macro or micro level in order to create a new property. Composite materials because of low weight and high strength that enables automotive, construction, marine and aerospace vehicles are preferred [1] . Physical and mechanical characteristics can be changed with a solid additives added during the preparation of the composite matrix [2] . Particulate polymer composites (PPCs) generally consist of micro -or nano -fillers of different sizes and shapes randomly dispersed in polymer matrices. Over the years there has been considerable interest in these materials since the dispersed fillers can be used to easily control the overall stiffness, strength, fracture toughness and impact energy absorption of the resulting composite [3] . PATNAIK at al. [4] studied a series of glass fiber reinforced polyester composites are fabricated using flyash, aluminum oxide (Al 2 O 3 ) and silicon carbide (SiC) particles as filler materials. The effects of these three different ceramics on the mechanical properties of glass-polyester composites are investigated. It has been found that the incorporation of these fillers, the tensile strength of the composites decrease significantly. The flexural properties, interlaminar shear strength, density and hardness are also affected by the type and content of filler particles. It is found that the presence of SiC improves the hardness of the glass-polyester composites, whereas the other two fillers show marginal effect. The study reveals that the reduction in tensile strength is the minimum in case of fly ash among all the fillers. Further, the composite with low fly ash content (10 wt%) exhibits improved flexural strength. It is thus interesting to find that an industrial waste -like fly ash shows better filler characteristics compared to those of alumina and SiC. Moreover, being cheap and easily available, it would hopefully provide a cost effective solution to composite manufacturers. RAJU at al. [5] studied the mechanical and two-body abrasive wear behaviour of alumina (Al 2 O 3 ) filled glass fabric reinforced epoxy (G-E) composites. From the experimental investigation, it was found that the presence of Al 2 O 3 filler improved the tensile strength and tensile modulus of the G-E composite. Inclusion of Al 2 O 3 filler reduced the specific wear rate of G-E composite. The results show that in abrasion mode, as the filler loading increases the wear volume decreases and increased with increasing abrading distance. The excellent wear resistance was obtained for Al 2 O 3 filled G-E composites. Furthermore, 10 wt% filler loading gave a very less wear loss. RUSU at al. [6] investigated the mechanical and thermal proporties of HDPE/zinc powder composites. According to their study, the composites present poorer mechanical properties as compared to the unfilled polymer. The density and hardness of HDPE/zinc composites are higher than that for the unfilled polymer. The thermal stability of the HDPE charged with zinc powder is better that for the unfilled polymer. The incorporation of zinc powder in HDPE increases the thermal diffusivity and conductivity and decreases the specific heat. GÜNGÖR [7] investigated the mechanical properties of high density polyethylene (HDPE) and HDPE containing Fe polymer composites experimentally. As compared to the mechanical properties of unfilled HDPE, Fe filled polymer composites showed lower yield and tensile strength, % elongation, and Izod impact strength, while the modulus of elasticity and hardness of the composites were higher than those of HDPE. Addition of 5 vol.% Fe reduced Izod impact strength and % elongation of HDPE about 40% and 90% respectively and increased the modulus of elasticity of HDPE about 31%. BGAGYASHEKAR at al. [8] studied on RT cure epoxy composite system comprised of metallic and non-metallic fillers. The results of the studies carried out on composites with three distinctly different particulate fillers, representing ductile (Cu and Al), brittle (SiC), and soft (Gr) type of materials regarding the mechanical properties, showed that the tensile and flexural strength of the particulate composites degraded with filler loading, whereas the modulus (both tensile andflexural) of the composites increased with the filler loading for the range of filler contents considered (10-40 wt%).
Although researches were already accomplished investigating the use of sewage sludge ash for the building materials manufacturing, such as produce bricks and tiles, as a raw materials for cement production, as aggregates for concrete and mortar, as a component of the synthesis of lightweight materials and as substitute for sand and/or cement in cement stabilized bases, subbases and embankments in road constuctions [19, 20, 21] , SSA didn't used in polymer comosite material.
In Population growth and urbanization increase waste water in our country as all over world; this increase also affects the number of waste water purification plants. The increase of plants cause to increase sewage sludge ash (SSA). SSA is stored, used as fill material. However in any method aside from burning problems occur in time. For this reason incineration of SSA is preferred in the leading European countries and other developed countries. By this way while the major source of environmental problem is eliminated both energy is produced and a harmless waste generated as ash. SSA contains above compound as oxide by not harmful to the environment. The annual amount of sewage is 3.5 billon m 3 in Turkey [9] . When the 4 percentage of this amount is considered as waste sedimentary, 140 million tons SSA potential is available in Turkey. SSA incineration system was first developed in Gaziantep [10] . System generates electric by burning approximately 150 tons SSA per day. About 15 tons ash remains at the end of combustion. When the established mechanism is thought as a recycling system the use of remain ash increase the value of mechanism and also use of ash can be regarded as a versatile earning due to its environmental problem. Evaluation of the SSA in composite materials has been examined in the present study. For this purpose effect of sewage sludge ash on the mechanical proporties of composite material is aimed to seen. Tensile test, three point bending test, impact test are applied and their stress are calculated.
Materials and Experimental Procedures
The resin material used in composite manufacturing POLIPOL 3401 -TAB CTP type thixotropic accelerated general purpose polyester obtained from Poliya. Sewage sludge ash that was used as additive was provided from Gaziantep Metropolitan Municipality Water and Sewerage Department (GASKİ). The compounds and their percantages in ash are showed at table 1 [11] .
One of the most critical parameters is size of particle or fiber that affects mechanical proporties of composite materials, homogeneous distribution, adhesion and holding to resin/matrix [14, 15, 16, 17] . Provided ash sieved from 45 µm sieve. Short and small size fiber additives should be prefered due to it provides high specific surface area and uniform distribution of the composite [14, 16] . Ash was sieved in order to achieve homogeneous distribution, good adhesion and provide a good uniformity between specimens which will be moulded and tested. Otherwise, if a composite specimen contains different size ashes, specimen will exhibit different strength behaviors due to the adhesion of ash. Hardener (MEKP) is 2 percentage of polyester weight for all specimens. The weight rate of ash is between % 0 and % 45. However ICSENM 110-3 for weight rate of % 45 and above molding couldn't achive due to polyester -ash mixture become saturated so quickly. Materials and weight rate of them is at For each class of samples (T0 -B0; T5 -B5; etc.) mixing and molding processes are performed simultaneously. Stirring has been made in laboratory with 1000 rev / min speed drills. Attention is paid to the homogeneity of the mixing apparatus fitted with a drill. By adding the particles and hardener to mixture the mixing process continued until mixture become gel form [3] . This form is extremely critical to avoid the negative factors, such as flocculation and precipitation may occur in the freezing process after casting the composite. Particles which are added polyester may be a factor increasing stress. These fillers can act as stress raisers that cause weakness in the structure by introducing discontinuity in stress transfer process across the filler-polymer interface [8] . These errors that will occur on the part is directly related with homogenity of composite during casting and freezing. The presence of agglomeration and voids in the composites obviously deteriorates their mechanical properties [12, 13] . 
Specimen
Polyester (%) Hardener (%)* Ash (%) T0 - B0 -I0  98  2  0  T5 -B5 -I5  93  2  5  T10 -B10 -I10  88  2  10  T15 -B15 -I15  83  2  15  T20 -B20 -I20  78  2  20  T25 -B25 -I25  73  2  25  T30 -B30 -I30  68  2  30  T35 -B35 -I35  63  2  35  T40 -B40 -I40  58  2  40 * The weight rate of hardener is 2% of weight of polyester.
Stirring is initiated by addition of the hardener by % 2 weight of polyester. Ash was added to polyester -hardener before mixture become gel form. In this way, by hold on ash to mixture, it is intended to prevent the agglomeration and sedimentation. Each sample is keep at room conditions 3 weeks to ready for testing. Figure 1 and figure 2 are the begining of polyester -hardener mixture and the reaction of polyester -hardener just before adding ash to mixture respectively. Discoloration of polyester resin is observed by reaction of hardener and polyester. The color of discoloration can vary according to kind of polyester. 
Mechanical Tests

Tensile Test
Three samples are molded in order to apply tensile test accordance with standard ASTM D 3039. Samples are tested with a 300 kN capacity universal test machine with 1 mm/sec constant speed three weeks after casting. Our machine makes the measurement with 1 percentage sensitivity and gives datas by this sensitivity. Tensile strength is calculated again for each samples with final surface area after test is finished. Results are interpreted taking the average of three samples. 
Three Point Bending Test
In order to apply three point bending test three samples are molded into prepared mold. Samples are tested with a 300 kN capacity universal test machine with 2 mm/sec constant speed three weeks after casting. A large span to depth ratio in bending test increases the maximum normal stress without affecting the inter-laminar shear stress and thereby increases ICSENM 110-5 the tendency for longitudinal failure. If the span is short enough, failure initiates and propagates by inter-laminar shear failure. The maximum shear stress in a beam occurs at the mid-plane. So in the shear test, failure consists of a crack running along the mid-plane of the beam so that crack plane is parallel to the longitudinal plane [4] . In the present investigation, during flexural test, the span length is 16:1. Results are interpreted taking the average of three samples.
where τ is bending stress, is bending moment, is width of the cross section, h is depth of the cross section.
Impact Test
There are several mechanisms for toughening of polymer. For the inorganic particles toughening polymer, at least three factors are necessary: inherent ductility of the matrix, weak interphase supporting the filler/matrix debonding and suitable interparticle distance. The stress concentration first leads to debonding of the filler particles and voids formation. The particle content affects the interparticle distance and the stress state of the matrix polymer surrounding the voids [18] . Load is carried by the material during the impact test is an important parameter for the material that can be related to fracture or damage.
Impact test represents the energy needed to break the sample.This magnitude is called as failure energy ad denoted with W; 
Results
For each sample of tensile test, three point bending test and impact test, new calculations are made for stress after tests are finished with final surface area where fracture occur due to the shrinking characteristics of polyester resin. As shown from figure 10 and 11, maximum force that occurs at fracture and associate with tensile stress increase until weight rate of ash reach 20 % of total mixture (polyester -hardener -ash). It can be interpreted that homogenity (distrubution of ash in the mixture) is good, adhesion and interaction of resin and ash is good. Maximum force and tensile strength decrease from % 20. This decline is unexpected at % 30. Stirring is one of the most critical point in the production of composite materials as previously discussed. A homogeneous mixture may not be made for % 30. Another factor may be voids in the material can not be visible. These voids would cause stress concentration which may lead to sudden rupture. Another reason for sudden rupture may be adhesion between polyester resin and ash is not good. It could be a significant effect for the sudden drop for weight rate of %20 and up; increase the weight rate of ash content in the composite material means that the reduction of the distance between particles. This causes irregularity and stress concentration. As a result, maximum force and associated with tensile stress decrease. As seen at graphic 12 and graphic 13, according to result of three point bending test as the weight rate of ash content in the composite increase, the strength values decrease.This decrease is very close between rate of %20 and %35,in fact it showed a constant charecter.At %40 the strength value decrease again.Actually for weight rate of 5 % the maximum force showed a increase tendency.However this inrease was eliminated by new cross section area where fracture occur.
As seen from figures 14 and 15, impact resistance and absorbed energy increase until weight rate of ash reaches 10%. They decrease between 10% and 20%. After from 20% impact resistance and absorbed energy showed nearly constant value. 
Conclusion and Discussion
In the current study a research on effect of sewage sludge ash on the mechanical properties of composite material is carried out. Tensile test, three point bending test and impact test are handed as mechanical tests. Polyester is used as resin material during the preparation of mixture. In the first step of study, the homogenous of mixture must be achieved in order to take faultless results. If not, results show a wavy character. This is achieved by adding correct weight ratio of hardener at correct time. That is sedimentation is prevented by adding hardener at true time.
Test results showed that adding sewage sludge ash to polyester affect the mechanical properties of composite significantly. For tensile test result, tensile stress increase until weight rate of ash reach 20% and beyond it decreases. For three points bending test, adding of sewage sludge ash affects negatively to composite. In other words adding ash decreases the bending stress of material. Finally for impact test, absorbed energy and impact resistance increase until adding ash reaches 10% and beyond it decreases.
By current study, sewage sludge ash which has not been used before is used and tested in the literature for the first time. This is not the single point for importance of study. As mentioned before this kind of ash is a waste of the combustion process. Sewage sludge ash is not useful yet for any industry and is useless waste, generally disposed as landfill. If the use of ash is achieved an environmental problem will be overcome. 
